JP, U No. 62-116187 (Citation 2) 



Applicant: Toyota Automatic Spinning Machine Co., Ltd. 
Date of Application: January 13, 1986 
Application Number: Patent Application No. 61-2790 
Title: Compressed Capacity Modulated Mechanism for Scroll-type 
Compressor 

A rotation preventing mechanism is disposed in a pressure acting 
room 13. On the base disk 9a of an orbiting scroll 9, a plural circular 
groove 24' is formed on the front side thereof. On a front housing 
2, a fixed ring 25 is fastened facing an orbiting ring 24. A ball 26 
is rotatably fitted between the circular grooves 24' and 25' facing 
each other. A lead pipe passage 27 extends from the pressure acting 
room 13. On the end of the passage 27, a directional control valve 
28 is mounted. Two lead pipe passage 27a, 27b. branch away from the 
control valve 28, one passage 27a being connected with a suction room 
5 and the other passage 27b being connected with a discharge room 6. 

In Fig. 1, the discharge room 6 communicates with pressure acting 
room 13. In this state, compressed fluid in the discharge room 6 is 
fed to the pressure acting room 13 and an orbiting scroll 9 is biased 
in the direction of the fixed scroll 4 with this compressed fluid. 
During starting-up or the like, the valve 28 is switched and the suction 
room 5 communicates with pressure acting room 13. With differential 
pressure between the rooms 13 and 10, the orbiting scroll 9 is moved 
backward in the direction of the room 13. As this result, axial gap 
C (see Fig. 7) is generated between the top ends of scroll wrap 9b, 
4b and base plates 4a, 9a and radial gap C (see Fig. 6) is generated 
between the wrap 9b of the orbiting scroll 9 and the wrap 4b of the 
fixed scroll 4 . 
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Specification 



1. Title of the Utility Model 

Compression Volume Varying Mechanism for Scroll Compressor 

2. Claim 

A compression volume varying means for a scroll compressor, wherein a 
crankshaft portion is fomied on the end of a drive shaft disposed vertically in a housing, 
v\/herein a moving scroll is arranged axially on the same crankshaft so as to rotate 
freely, the scroll plate of the same moving scroll occluded with the scroll plate of a fixed 
scroll arranged in the housing, wherein a pair of rings having a plurality of round 
grooves formed circumferentially therein are arranged opposite the moving scroll and 
the inner wall of the housing, wherein an automatic check mechanism is disposed in the 
moving scroll having a ball engaging a pair of opposing round recesses, wherein the 
moving scroll is arranged axially with respect to the crankshaft portion so as to 
reciprocate freely and so the center of rotation is slightly eccentric, and wherein a 
pressure applying chamber is disposed in the front face of the moving scroll opposite 
the automatic check mechanism, the same pressure applying chamber being disposed 
so as to selectively connect the high pressure end of the discharge chamber or 
compression chamber to the low pressure end of the intake chamber or compression 
chamber. 
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3. Detailed Description of the Utility Model 
(Industrial Field of Application) 

The present utility model relates to a compression volume varying mechanism or 
mechanism for temporarily reducing the compression performance in a scroll 
compressor for an automobile air conditioner or scroll compressor equipped with a self- 
rotation preventing mechanism for a moving scroll using a ball. 

(Prior Art) 

Usually, a scroll compressor has a fixed scroll forming a spiral and a moving 
scroll forming a similar spiral enmeshed with the fixed scroll. In a scroll compressor, the 
moving scroll slidingly engages and rotates (revolves) around the fixed scroll to obtain a 
compressing action. More specifically, the moving scroll slidingly rotates around the 
fixed scroll while engaging the fixed scroll in at least two spots. 

By slidingly revolving while being kept from self-rotating, a sealed compression 
space is formed between the scrolls, and a compressing action is obtained as the 
compressed space becomes gradually smaller in the direction of the center of the 
spiral. One method of slidingly revolving the moving scroll without causing self-rotation 
is to use a self-rotation preventing mechanism with a ball (Japanese Unexamined 
Patent Application Publication No. JP57-148087A). 

FIG 10 shows the configuration in detail. The fixed scroll (b) is fixed inside a 
housing (a), and the moving scroll (c) is arranged axially so as to be able to slidingly 
revolve with respect to fixed scroll (b). The two scrolls (b, c) are enmeshed so that they 
make contact in at least two spots. A pair of rings (d, e) with rounded recesses (f, g) 
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formed axially therein are arranged on the moving scroll (c) and the inner wall face of 
the housing (a). A ball (h) is placed between the opposing rounded recesses (f, g) so 
as to be able to rotate freely. 

(Problem Solved by the Utility Model) 

Because the compressor for an automobile air conditioner is connected to the 
engine at a set rotational ratio, when the electromagnetic clutch is engaged to operate 
the compressor, it operates at 100% right from the start because cooling gas is 
discharged to the full compression capacity of the compressor. By operating at 100% 
right from the start, the impact on the drive transmission mechanism of the engine and 
the compressor is significant at the start of the compressor or hydraulic compression. 
If the cooling load inside the cabin has been reduced, the compression capacity cannot 
be reduced in response to this change. In other words, the compression capacity 
cannot be reduced unless the electromagnetic clutch is disengaged. 

One proposed method of reducing the impact on the engine and the compressor 
when the scroll compressor is started up is to have the moving scroll not make sliding 
contact with the fixed scroll when the compressor is stopped. 

In other words, a gap is created between the scrolls so that a compression space 
is not formed. When the moving scroll is slidingly rotated (revolved) in this state, 
compressing action does not occur at start up. In other words, at start up, the moving 
scroll slidingly revolves at a revolution radius smaller than during the normal operating 
state (Japanese Unexamined Patent Application Publication No. JP58-67903A). In this 
proposed configuration, a spring is interposed inside the large diameter portion at the 
tip of the main shaft. However, the space for the spring is restricted and it is difficult to 
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insert the spring. Also, the centrifugal force exceeds the spring action of the spring 
when the compressor reaches the set rotational speed. The spring is compressed in an 
instant, and the capacity is not effectively reduced given the precision of the device. 

In order to solve this problem, the present utility model allows some of the 
cooling gas to escape to the low pressure side during compression. 

This temporarily reduces the compression performance. In a scroll compressor 
with a self-rotation preventing mechanism on the moving scroll using a ball, the moving 
scroll enmeshed with the fixed scroll so as to sliding rotate (revolve) reciprocates via the 
pressure difference inside the compressor, changing the revolving radius of the moving 
scroll and forming a gap between the tips and peripheral faces of the scrolls. This 
allows some of the cooling gas to escape via the gap to the low pressure side during 
compression. The following is a more specific explanation of this means and its effect. 

(Means of Solving the Problem) 

The present utility model is a compression volume varying means for a scroll 
compressor, wherein a crankshaft portion is formed on the end of a drive shaft 
disposed vertically in a housing, wherein a moving scroll is arranged axially on the 
same crankshaft so as to rotate freely, the scroll plate of the same moving scroll 
occluded with the scroll plate of a fixed scroll arranged in the housing, wherein a pair of 
rings having a plurality of round grooves formed circumferentially therein are arranged 
opposite the moving scroll and the inner wall of the housing, wherein an automatic 
check mechanism is disposed in the moving scroll having a ball engaging a pair of 
opposing round recesses, (1) wherein the moving scroll is arranged axially with respect 
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to the crankshaft portion so as to reciprocate freely and so the center of rotation is 
slightly eccentric, and (2) wherein a pressure applying chamber is disposed in the front 
face of the moving scroll opposite the automatic check mechanism, the same pressure 
applying chamber being disposed so as to selectively connect the high pressure end of 
the discharge chamber or compression chamber to the low pressure end of the intake 
chamber or compression chamber. 

(Operation) 

The pressurizing chamber communicates with the discharge chamber and high 
pressure side of the compression chamber, and the discharged gas and high pressure 
gas during compression are sent into the pressurizing chamber so that the moving 
scroll is pushed towards the fixed scroll, and the ends of both scrolls become tightly 
enmeshed. 

At the same time, the self-rotation preventing mechanism using a ball allows the 
moving scroll to slidingly rotate at a large revolving radius while the peripheral faces of 
both scrolls remain tightly enmeshed. In other words, the normal operating state is 
obtained. When the pressurizing chamber communicates with the intake chamber and 
low pressure side of the compression chamber, the intake gas and low pressure gas 
during compression are sent into the pressurizing chamber, separating the moving 
scroll from the fixed scroll, and creating a gap (thrust gap) between the ends of the 
scrolls. At the same time, the self-rotation preventing mechanism using a ball allows 
the moving scroll to slidingly rotate at a small revolving radius while a gap (radial gap) is 
formed between the peripheral faces of both scrolls. In other words, some of the 
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cooling gas during compression escapes to the low pressure side and the compression 
volume is reduced. 

(Working Example) 

The following is a detailed explanation of a working example of the present utility 
model with reference to the drawings. 

In FIG 1 through FIG 9, 1 denotes the housing surrounding the compressor. 

This housing 1 consists of a front housing 2 and a rear housing 3. The front 
housing 2 consists of a front wall portion 2a and a peripheral wall portion 2b 
surrounding the outer peripheral edge of the front wall portion 2a to form a tube with a 
bottom. The rear housing 3 consists of a rear wall portion 3a and a peripheral wall 
portion 3b surrounding the outer peripheral edge of the rear wall portion 3a to form a 
tube with a bottom. In other words, the housing 1 is formed by fastening the openings 
in the front housing 2 and the rear housing 3 forming tubes with bottoms using nuts and 
bolts (not shown). 

The fixed scroll 4 is installed inside the rear housing 3 near the middle. The 
fixed scroll 4 consists of a base plate 4a in the form of a round plate, a scroll blade 4b 
extending in spiral shape from the base plate 4a towards the front housing 2 (towards 
the front). The intake chamber 5 and discharge chamber 6 are formed concentrically 
between the base plate 4 and the rear wall portion 3a of the rear housing 3. 

In other words, when the discharge chamber 6 is formed in the center, the intake 
chamber 5 is formed to the outside so as to surround the discharge chamber 6. An 
intake port 7 connected to the intake tube (not shown) communicating with the intake 
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chamber 5 and a discharge port 8 connected to the discharge tube (not shown) 
communicating with the discharge chamber 6 are formed in the rear wall portion 3a of 
the rear housing 3. The scroll blade 9b of the moving scroll 9 is enmeshed with the 
scroll blade 4b of the fixed scroll 4 as described below to form a compression chamber 
10 between the scroll blades 4b, 9b. The outer peripheral portion of the compression 
chamber 10 communicates with the intake chamber 5 via the intake hole 5' opened in 
the round plate 4a, the central portion of the compression chamber 10 communicates 
with the discharge chamber 6 via the discharge hole 6' opened in the round plate 4a, 
and a discharge valve 1 1 is attached to the discharge port 8 so as to be able to open 
and close. Here, 12 denotes the retainer for regulating the opening angle of the 
discharge valve 11. 

A pressurizing chamber 13 is formed in the front housing 2 near the pressure 
chamber 10 described below, and a emboss 14 protrudes integrally in the middle of the 
front wall portion 2a of the front housing 2. 

The drive shaft 18 is supported rotatably on the emboss 14 via a pair of bearings 
15. 16 and a mechanical seal 17. One end of the drive shaft 18 extends outside of the 
front housing 2 and connects to the electromagnetic clutch (not shown) and the other 
end has a crank shaft portion 20 supported axially by a balance weight 19 for the 
pressurizing chamber 13. The crank shaft portion 20 axially supports the moving scroll 
9 described below so it can slidingly rotate via an eccentric bush 20'. The moving scroll 
9 consists of a base plate 9a in the form of a round plate, a scroll blade extending in 
spiral form frorn the round plate 9a towards the fixed scroll 4 (towards the rear), and a 
bearing tube 9c extending forward from the round plate 9a. The scroll blade 9b slidingly 
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rotates with respect to the scroll blade 4b of the fixed scroll 4 while making contact with 
the scroll in at least two spots. 

The scroll blade 9b reciprocates fonA^ard and backward with respect to the scroll 
blade 4b on the fixed scroll 4, and the sliding radius can be changed to a very small 
width via the eccentric bush 20'. In other words, the scroll blade 9b on the moving scroll 
9 can be connected to and disconnected from the round plate 4a and scroll blade 4b on 
the fixed scroll 4. A ring-shaped groove 21 is carved into the round plate 4a on the 
fixed scroll 4 opposite the round plate 9a on the moving scroll 9. A ring-shaped spring 
23 is placed inside the ring-shaped groove 21 so that the ring-shaped groove 21 
supports the seal 22, and the seal 22 normally applies pressure to the round plate 9a 
on the moving scroll 9 via the action of the spring 23. 

The self-rotation preventing mechanism is formed in the pressurizing chamber 
1 3 for the movable scroll 9. A movable ring 24 is fixed to the front face of the round 
plate 9a on the movable scroll 9, a round recess 24' is formed in the movable ring 24, a 
fixed ring 25 is fixed to the front housing 2 opposite the moving ring 24, and several 
round recesses 25' are similarly formed in the fixed ring 25. 

A ball 26 is inserted between an opposing pair of round recesses 24', 25' so as 
to be able to rotate freely. 

A pressure route 27 extends from the pressurizing chamber 13, and a switching 
valve 28 is installed on the end. From the switching valve 28, the route branches into two 
pressure routes 27a, 27b. One pressure route 27a communicates with the intake 
chamber 5 and the other pressure route 27b communicates with the discharge chamber 
6. 
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The following is an explanation of the operation. 

FIG 1 shows pressure route 27 and pressure route 27b communicating via the 
switching valve 28. In other words, discharge chamber 6 is communicating with the 
pressurizing chamber 13 in this figure. The discharge chamber 6 communicating with 
the pressurizing chamber 13 sends the discharge pressure inside the discharge 
chamber 6 to the pressurizing chamber 13. This discharge pressure pushes the 
moving scroll 9 towards the fixed scroll 4. 

When the moving scroll 9 Is pushed towards the fixed scroll 4. the end of the 
scroll blade 9b on the moving scroll 9 makes firm contact with the base plate 4a on the 
fixed scroll 4 and the end of the scroll blade 4b on the fixed scroll 4 makes firm contact 
with the base plate 9a on the moving scroll 9. A large gap is formed between the 
moving ring 24 and the fixed ring 25, and the ball 26 between the opposing pair of 
round recesses 24', 25* in the rings 24, 25 allows for rotation at large radius R. In other 
words, the scroll blade 9b on the moving scroll 9 slidingly rotates (revolves) around the 
scroll blade 4b on the fixed scroll 4 while making contact with each other at two or more 
spots. Here, the ends of the scroll blades 4b, 9b make contact with the opposing round 
plates 9a, 4a, and the moving scroll 9 slidingly rotates (revolves) while the peripheral 
faces of the scroll blades 4b, 9b make contact in at least two spots. In this way, the 
normal compression state (100% operating state) is obtained. 

When the compressor is started up, fluid is compressed and the cabin is too 
cool, the valve 28 is switched to connect pressure passage 27 to pressure passage 27a 
so that the intake chamber 5 and pressurizing chamber 13 communicate. When the 
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intake chamber 5 and pressurizing chamber 13 communicate, the pressure difference 
between the pressurizing chamber 13 and the compression chamber 10 cause the 
moving scroll 9 to reciprocate towards the pressurizing chamber 13. When the moving 
scroll 9 to reciprocate towards the pressurizing chamber 13, a gap (thrust gap C) is 
formed between the ends of the scroll blades 9b, 4b and the round plates 4a, 9a. At 
the same time, the space between the fixed ring 25 and the moving ring 24 is narrowed. 
The ball 26 between the opposing round recesses 24', 25' allows for rotation around 
small radius r. 

In other words, the scroll blade 9b in the moving scroll 9 slidingly rotates 
(revolves) with space (radial space C) between it and the scroll blade 4b on the fixed 
scroll 4. The moving scroll 9 slidingly rotating (revolving) with thrust space C between 
the ends of the scroll blades 4b, 9b and the opposing round plates 9a, 4a and radial 
space C between the scroll blades 4b, 9b allows some of the compressed cooling gas 
to escape to the low pressure end, thereby reducing cooling performance. 

The thrust space C and radial space C* are set in a range allowing compressing 
action to be obtained, and allowing a pressure difference to be maintained for the 
moving scroll 9 to reciprocate. The pressure sent into the pressurizing chamber 13 is 
not limited to discharge pressure and intake pressure. The pressure during 
compression can also be sent in. 
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(Effect of the Utility Model) 

In a scroll compressor with a self-rotation preventing mechanism on the moving 
scroll using a ball, the moving scroll enmeshed with the fixed scroll so as to sliding 
rotate (revolve) reciprocates via the pressure difference inside the compressor, 
changing the revolving radius of the moving scroll and forming a gap between the tips 
and peripheral faces of the scrolls. This allows some of the cooling gas to escape via 
the gap to the low pressure side during compression. As a result, the configuration of 
the present utility model is able to reduce compression capacity using a simple 
configuration. Because some of the cooling gas can escape during compression, the 
impact during start up and fluid compression is reduced, and the capacity can be 
reduced in stages when there is excessive cooling without having to disengage the 
electromagnetic clutch. 

4. Brief Explanation of the Drawings 

FIG 1 is a lateral cross-sectional view of the entire scroll compressor in the 
present utility model. FIG 2 is a lateral cross-sectional view of the same during 
operation. FIG 3 is a cross-sectional view from line A-A in FIG 1 . FIG 4 and FIG 5 are 
expanded cross-sectional views of the automatic check mechanism for the moving 
scroll. FIG 6 through FIG 9 are expanded cross-sectional views of the moving scroll 
and the fixed scroll during operation. 

FIG 10 is a lateral cross-sectional view of a scroll compressor of the prior art with 
an automatic check mechanism using a ball. 
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1 ... housing. 2 ... front housing, 2a ... front wall portion, 2b ... circumferential wall 
portion, 3 ... rear housing, 3a ... rear wall portion, 3b ... circumferential wall portion, 4 ... 
fixed scroll, 4a ... base wall, 4b ... scroll plate, 5 ... intake chamber, 5' ... intake hole, 6 
... discharge chamber, 6' ... discharge hole, 7 ... intake port, 8 ... discharge port, 9 ... 
moving scroll, 9a ... base wall, 9b ... scroll plate, 10 ... compression chamber, 11 ... 
discharge valve, 12 ... retainer, 13 ... pressurizing chamber, 14 ... emboss, 15 ... 
bearing, 16 ... bearing, 17 ... mechanical seal, 18 ... drive shaft, 19 ... balance weight, 
20 ... crank shaft portion, 20' ... eccentric bush, 21 ... annular groove, 22 ... seal plate, 
23 ... spring, 24 ... moving ring, 24' ... round recess, 25 ... fixed ring, 25' ... round 
recess, 26 ... ball, 27, 

27a, 27b ... leading pressure components, 28 ... switching valve 
Applicant Toyota Industries Corporation 
Agent Toshio Tamakoshi, Patent Attorney 
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